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Communicated, October 29, 1950 In this paper it will be demonstrated that mercaptans ,possess the property of inducing coagulation of certain proteins at room temperature and neutrality. This effect throws light on the importance of -S-Sbonds in the intramolecular folding of several proteins in the native state.
While the dispersive action of mercaptans on keratin is well known, the coagulative action on soluble proteins apparently has not been described. Goddard and Michaelis' found that wool readily dissolves at room temperature in thioglycollate solutions at pH 10-13 because of reduction of disulfide bonds. The following reaction'-4 occurs in the thioldisulfide system:
RS-SR + 2R'SH = 2RSH + R'S-SR'
Since greater alkalinity was required in the experiments of Goddard and Michaelis than was needed for -the reduction of cystine by thiols, they' postulated that an additional intramolecular bridge must be broken before disulfides of keratin can be reduced; they assumed that the second bridge was salt-like in character and that it was disrupted by removal of a proton from the amino group in alkaline solution. Jones and Mecham5 observed that a variety of keratins were dispersed at pH 7 and 40°C., by adding urea or anionic detergents to the mercaptan solution. Mirsky and Anson2 found that thioglycollate in excess completely reduces disulfide groups in denatured plasma albumin and egg albumin; in contrast sodium sulfite reduces only one-half of the cystine present.
Method.-Crystalline bovine plasma albumin and egg albumin and refined bovine e-globulin (95 per cent homogeneous on electrophoresis) were studied. Acetylated bovine albumin was prepared by the method of Hughes as described by Olcott and Fraenkel-Conrat.6 Analysis indicated that 78 per cent of the free amino groups were acetylated.
Unless otherwise stated the proteins were dissolved in 0.1 M phosphate buffer, pH 7.4, and the experiments were carried out in 13 X 100 mm. Rates of development of turbidity in plasma albumin induced by 0.2 M solutions of monothioglycol, and sodium thioglycollate. In each case the system consisted of bovine plasma albumin 50 mg., mercaptan compound 2 m. eq. and 0.1 M phosphate buffer, pH 7.4, to make the final volume 10 ml.; temperature
370
Differential rates of development of turbidity in various refined protein fractions induced by 0.2 M mercaptoethanol. The system consisted in each case of 50 mg. protein, mercaptoethanol 2 m. eq., and 0.1 M phosphate buffer pH 7.4 to make the final volume 10 ml.; temperature 370. glass tubes at 37°. Turbidity was determined in a Coleman spectrophotometer at X = 660 millimicrons, using 19-X 150-mm. tubes. A protein solution was considered to be coagulated7 when it failed to pass through a clean dry stainless steel screen (8 mesh, wire diameter 0.7 mm.).
Experimental.-When a mercaptan is added to a solution of bovine plasma albumin turbidity soon develops and increases to a maximum ( Fig. 1) , then decreasing slightly. The viscosity of the solution increases until a firm opaque gel forms. Egg albumin and y-globulin behave in a similar fashion except that the reaction is much slower (Fig. 2) . Dialysis for 5 days against water produces no apparent change in these white mercaptan-induced gels.
An inverse relationship exists between the protein concentration and the minimal quantity of thioglycollate required to form a gel; at pH 7.4 and 370 the thioglycollate requirement decreased progressively from a concentration of 0.34 M to 0.08 M as the albumin concentration was increased from 1.2 to 5 per cent. At 50, however, neither turbidity nor gels developed in 5 per cent albumin even after 72 hr. in 0.4 M thioglycollate.
In solutions of 7 per cent albumin, turbidity with subsequent gelation developed with the following agents: mercaptoethanol (monothioglycol), sodium thioglycollate, reduced glutathione, cysteine and sodium hydrosulfite. Mercaptoethanol produced turbidity more rapidly (Fig. 1) Discussion.-Two types of chemical bonds have been established as forces which maintain the protein molecules in specific configuration, namely, hydrogen bonds and disulfide bridges. In the theory of Mirsky and Pauling" the polypeptide chain of a native protein is folded and retained in its unique configuration by hydrogen bonding between the peptide nitrogen and oxygen atoms and also between the free amino and carboxyl groups of the diamino and dicarboxylic amino acid residues. Other workers have postulated that cystine12 must form one of the side links between adjacent polypeptide chains in the protein molecule.
Classes of compounds which disrupt either type of linkage lead to the denaturation of a protein such as plasma albumin. Amides are well-known hydrogen-bond-forming substances which can rupture the hydrogen bonds involved in maintaining the protein in the native state; mercaptans reduce -S-S-linkages. With each type of reagent the denatured molecules aggregate, the gels varying in properties because of differences in the denatured protein molecule.
The coagulation of albumin by urea has recently been interpreted'0 as follows: Concentrated amides by competition with intramolecular hydrogen bonds of the native protein disrupt its structure and make disulfide groups reactive to small concentrations of sulfhydryl. By means of a chain reaction between protein -SH and -S--groups a reticulum is then knitted together consisting of intermolecular protein disulfide bonds which hold together the unfolded protein chains. Solvent is bound to the protein within this framework so that clear firm gels result.
Mercaptans appear to coagulate certain soluble proteins by a different mechanism, namely, disruption of the protein configuration through the cleavage of disulfide bonds followed by aggregation of the denatured protein through hydrogen bonds. Plasma albumin undergoes these changes more rapidly than 7y-globulin or egg albumin implying that the disulfide groups of albumin are more readily available to reduction of -SH groups than in the other proteins.
The ready dispersion of the opaque mercaptan-induced gels upon the addition of urea indicates that aggregation in these gels is chiefly through intermolecular hydrogen bonding. Further evidence is derived from the deficient capacity of acetylated albumin to coagulate in the presence of mercaptans, due to a decrease in the number of potential hydrogen bond formers, the amino groups. The absence of any oxygen effect in mercaptan-induced gelation makes it doubtful that reoxidation of reduced disulfide bonds plays a major part in the aggregation.
Summary.-Mercaptans and hydrosulfite denature and subsequently VBIOCHEMISTRYY: P. A. SWENSON coagulate bovine plasma albumin, 'y-globulin and egg albumin to form opaque gels at room temperature and neutrality. The reaction with bovine plasma albumin is many times more rapid than with the other two proteins. Gels so formed rapidly dissolve in concentrated solutions of amides such as urea. The capacity of albumin to form this type of gel is decreased by partial acetylation of the albumin. The evidence indicates that mercaptan-induced gelation occurs through hydrogen bonding between the extended denatured protein molecules. * It has been demonstrated that ultra-violet radiations from a sterilamp inhibit the aerobic adaptation of yeast to galactose.' Determination of an action spectrum for this effect might enable us to identify the cellular constituent affected by the radiation. The problem is of theoretical in-VOL. 36, 1950 .699
